A reverse passive hemagglutination (RPH) assay was developed for Cryptosporidium oocyst antigen with an antioocyst monoclonal antibody (MAb; MAb-Cl) coupled to stabilized sheep erythrocytes. RPH was compared with microscopy of auramine-phenol-stained smears of 56 oocyst-positive fecal samples, each of which was tested blindly by RPH with two oocyst-negative samples received on the same day (a total of 112 controls). Thirty-nine additional fecal samples from human immunodeficiency virus type 1 antibody-positive patients with diarrhea (10 of which were positive in auramine-phenol-stained smears) were stored at -20°C before testing. Thirty specimens with a variety of other fecal pathogens (all negative for oocysts) were also tested. Of the 237 samples tested, 69 were positive by one or both methods: 65 by RPH and 66 by microscopy. The kappa coefficient of agreement between the methods was very high at 0.926. The sensitivity of RPH was 93.91%, the specificity was 98.2%, the positive predictive value was 95.4%, and the negative predictive value was 97.7%. Visible oocyst numbers and RPH titers were measured after storage of fecal samples and oocyst concentrates for 8 days at 4°C. Oocyst morphology was generally poor in specimens from the human immunodeficiency virus type 1 antibody-positive group, and it degenerated during the 8-day storage experiments. MAb-Cl-reactive antigen eluted from oocysts to give progressively higher reciprocal titers during storage, and it was partially removed from the oocysts by concentration. RPH is a promising technique for the detection of Cryptosporidium antigen in human feces and may be useful when specimens are stored before testing. Studies of the sensitivity of Cryptosporidium immunoassays should take into account the possible release of antigen from oocysts.
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Although long recognized as an animal pathogen, infection of humans with Cryptosporidium spp. has been reported frequently only during the past decade. This followed appreciation of its connection with intractable diarrhea in patients with AIDS (10) and of the public health implications of its frequent presence in surface waters (13) . Cryptosporidiosis has a worldwide distribution. It is detected in about 16% of patients with AIDS and diarrhea in hospitals in the United States, and this proportion rises to about 50% in developing countries (10) .
Laboratory diagnosis worldwide currently relies upon the well-established but time-consuming method of microscopy of Ziehl-Neelsen-or auramine-phenol-stained fecal smears (3) . A low level of sensitivity is a problem with these methods, and it may be increased only by technically demanding concentration procedures (17) . Immunofluorescent stains are increasingly used, but not all studies have shown their use to be straightforward or always to improve sensitivity (2, 8, 9, 11) . Experience with several immunodiagnostic assays has been published (1, 4, 12, (14) (15) (16) . However, few comparative studies of these methods have been performed outside the research laboratory setting, none has shown significantly improved sensitivity, and nonspecific reactions have sometimes been observed (4). Today, diagnostic microbiology laboratories in the United Kingdom screen the majority of fecal specimens from patients with community-acquired cases of diarrhea for Cryptosporidium oocysts; in our laboratory about 7,000 microscopic examinations of auramine-phenol-stained material were performed in 1993. Elsewhere, many laboratories restrict the examination to feces from human immunodeficiency virus type 1 (HIV-1) antibody-positive patients. A sensitive, specific, and cost-effective diagnostic method would be a major advance.
Reverse passive hemagglutination (RPH) involves the agglutination by specific antigen of glutaraldehyde-stabilized, protease-sensitized sheep erythrocytes that have been coupled to immunoglobulin by chromic chloride (6) . The sensitivity of the method exceeds that of enzyme-linked immunosorbent assay (ELISA) in some systems, and the technique has been successfully used for antigen detection in several body fluids, including feces. Freeze-drying allows indefinite storage of reagents, and the reactions are stable, easily read, and controlled (7) .
We compared RPH with semiquantitative microscopy of auramine-phenol-stained smears of feces from patients with community-acquired diarrhea, patients with AIDS and diarrhea, and patients with a variety of other fecal pathogens. Plates were shaken to mix the contents of the wells, and the result of hemagglutination was read by the sedimentation pattern after 30 min at room temperature. A negative result for a well was indicated by a button of unagglutinated erythrocytes settling at the bottom of the well, whereas a positive result was indicated by a diffuse coating of agglutinated cells over the bottom of the well (7). An RPH result for a fecal specimen was considered positive (i) if the titer in the MAb-Cl dilution series that began at 1:20 was two or more dilutions higher than the highest titer in either of the control dilution series that began at 1:20 or, if the sample was negative by criterion (i), (ii) if the titer in the MAb-Cl dilution series that began at 1:2 was three or more dilutions higher than the highest titer in either of the control dilution series that began at 1:2.
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Effects of specimen storage and concentration on RPH titer and oocyst counts. Eight fecal samples that had been submitted to CMPHL for diagnostic purposes were chosen to study the effects of storage and concentration procedures. They were oocyst microscopy positive, large in volume, and gave high RPH reciprocal titers without nonspecific reactivities.
Twenty-five percent suspensions of each of the eight freshly received samples were made in PBS, and aliquots of each of these were stored at 4°C. Their Cryptosporidium antigen reciprocal titers and oocyst counts were determined on days 1, 3, 6, and 8. The RPH assays were performed in the same way as the diagnostic tests, with the exception that fecal suspensions were filtered through 0.22-,um-pore-size filters (Millipore) after removal from the boiling water bath. This step was included because preliminary experiments indicated that nonspecific reactivity increased with storage and that it could be removed by filtration without significantly altering the specific titer (data not shown). Results from the dilution series starting at 1:20 usually gave more easily interpretable reactions, stronger hemagglutination patterns, and less residual nonspecific reactivity than tests performed in the dilution series that began at 1:2. Occasional prozone phenomena were observed with the supernatants tested in the 1:2 series, which were diluted out in the 1:20 series. In the 1:20 series, 62% of the tests showed no nonspecific reactions, 93% gave reactions of one or no wells, and no tests showed nonspecific reactivity of greater than two wells. Only 36% of the nonspecific reactions were predominantly against immunoglobulin-coupled erythrocytes (defined as a titer 2 or more dilutions greater against immunoglobulincoupled erythrocytes than against erythrocytes alone). No samples reacted only or predominantly against uncoupled erythrocytes. Table 1 summarizes the results obtained from all 237 samples from patients with diarrhea tested by microscopy and RPH, and Fig. 1 shows the RPH titers obtained from the 69 specimens that were positive by one or both methods. Sixty-five specimens were positive by RPH; 63 of these were positive in the MAb-Ci dilution series that began at 1:20 by criterion (i) above. The remaining two gave titers of 16 in the series that began at 1:2. All 30 negative control samples from patients with known causes of diarrhea and negative smears for Cryptosporidium oocysts were negative by RPH. Of the 66 specimens positive by microscopy, only 4 were negative by RPH, all of which were diagnostic samples submitted to CMPHL. Of the 171 specimens negative by microscopy, 3 were positive by RPH, all of which were from HIV-1 antibody-positive patients. Assuming microscopy of auramine-phenol-stained smears to be a reference technique, the sensitivity of RPH was therefore 93.9%, the specificity was 98.2%, the positive predictive value was 95.4%, and the negative predictive value was 97.7%. The kappa coefficient of agreement (5) between the methods was very high at 0.926. Table 2 illustrates the results obtained from the 168 clinical diagnostic specimens referred to CMPHL combined with those obtained from the 30 negative control samples. The sensitivity of RPH for this group of specimens was 92.9%, the specificity was 100%, the positive predictive value was 100%, and the negative predictive value was 97.3%. The kappa coefficient of agreement between the methods was very high at 0.949. Table 3 shows the results obtained with the 39 specimens from HIV-1 antibody-positive patients. For this group of specimens, the sensitivity was 100%, the specificity was 89.7%, the positive predictive value was 76.9%, and the negative predictive value was 100%. The kappa coefficient of agreement between the methods was high at 0.816.
One specimen from an HIV-1 antibody-positive patient that was positive by RPH (reciprocal titer, 160) but that initially screened negative by microscopy was found to contain very scanty but characteristic oocysts (less than one per high-power field) on review of the film by senior staff. This sample was scored as RPH positive and microscopy negative. Two other specimens from HIV-1 antibody-positive patients with diarrhea were positive by RPH (reciprocal titers, 20 and 160) but negative by microscopy even on repeat examination.
All four samples in which oocysts were seen by microscopy but which gave negative RPH results were from specimens submitted to CMPHL for routine diagnostic purposes. None of 
